Patulibacter brassicae sp. nov., isolated from rhizosphere soil of Chinese cabbage (Brassica campestris) , was isolated from rhizosphere soil of Chinese cabbage in Shandong province, China. The cells were aerobic, Gram-staining-positive, oxidaseand catalase-positive, short rods and formed white colonies on trypticase soy agar. The cell-wall peptidoglycan contained meso-diaminopimelic acid as the diagnostic diamino acid and alanine, glutamic acid and leucine. Diphosphatidylglycerol was the predominant polar lipid. The predominant cellular fatty acid was C 18 : 1 !9c; minor components were anteiso-C 15 : 0 and anteiso-C 17 : 0 . The only isoprenoid quinone was demethylmenaquinone 7 (DMK-7), and the DNA G+C content was 72.7 mol%. Based on the full-length 16S rRNA gene sequence analysis, the closest phylogenetic neighbours of strain SD T were Patulibacter medicamentivorans DSM 
The genus Patulibacter, a member of the family Thermoleophilia, phylum Actinobacteria, was described by Takahashi et al. (2006) and currently comprises four species, Patulibacter minatonensis (the type species of the genus) (Takahashi et al., 2006) , Patulibacter americanus (Reddy & Garcia-Pichel, 2009 ), Patulibacter ginsengiterrae (Kim et al., 2012) and Patulibacter medicamentivorans (Almeida et al., 2013) . During the screening of phthalate ester-degrading strains from rhizosphere soil of Chinese cabbage (Brassica campestris), a novel bacterial strain was isolated in 2015 and designated SD T . The 16S rRNA gene sequence analysis showed that strain SD T was most closely related to members of the genus Patulibacter. The aim of this study was to describe the exact taxonomic position of strain SD T by using a polyphasic taxonomic approach.
Strain SD
T was isolated using the serial dilution and platescreening method on Luria-Bertani (LB) agar (Sangon). It was stored in culture medium supplemented with 20 % (v/ v) glycerol at À80 C. For the experiments reported in this study, strain SD T was subcultured in trypticase soy broth (TSB; Oxoid) or on trypticase soy agar (TSA; Oxoid) at 28 C. P. medicamentivorans DSM 25962 T , P. minatonensis DSM 18081 T , P. americanus DSM 16676 T and P. ginsengiterrae DSM 25990
T were used as the reference strains and cultured under the same conditions.
Colony and cell morphology were observed after growth on TSA for 3-4 days at 28 C. The Gram reaction, transmission electron microscopy, gliding motility and growth under anaerobic conditions for strain SD T were examined according to the methods described by Dong & Cai (2001) . Motility was tested with the hanging-drop technique (Skerman, 1967) . Hydrolysis of DNA and casein, H 2 S production, and the methyl red and Voges-Proskauer tests were performed as described by Kim et al. (2012) . The temperature (4, 10, 15, 20, 25, 27, 30, 34, 37, 39 and 42 C), salinity (1.5, 2.5, 3.0, 3.5, 4.0, 5.0 and 6.0 %, w/v, NaCl) and pH (5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 9.0, 10.0, 11.0 and 12.0) for growth were determined by measuring the turbidity (600 nm) of cultures grown in 150 ml flasks containing 100 ml TSB and incubated at 28 C. Catalase activity was determined by assessing bubble production in 3 % (v/v) H 2 O 2 , and oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. The antibiotic susceptibility was tested according to the method described by Almeida et al. (2013) , with antibiotic discs containing the following: amikacin (30 µg), ampicillin (10 µg), aztreonam (30 µg), azithromycin (15 µg), ceftriaxone (30 µg), ciprofloxacin (5 µg), chloramphenicol (30 µg), gentamicin (10 µg), imipenem (10 µg), nalidixic acid (30 µg), norfloxacin (10 µg), polymyxin B (300 U), penicillin G (10 U), tobramycin (10 µg), tetracycline (30 µg) and vancomycin (30 µg). Additional physiological and biochemical characteristics were determined using the API 50CH, API 20NE and API ZYM systems (bioM erieux) and Biolog GEN III Microplate according to the manufacturers' instructions.
For fatty acid methyl ester analysis, the biomass of strain SD T and the four reference strains was harvested from TSA plates incubated at 28 C for 3 days. Fatty acids were saponified, methylated and extracted using the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.1). The fatty acids were analysed by GC (7890; Hewlett Packard) and identified by using the RTSBA6 database of the Microbial Identification System (Sasser, 1990) . The isoprenoid quinones of strain SD T were extracted with chloroform/methanol (2 : 1, v/v), purified by TLC according to Collins (1985) and analysed by HPLC using an Agilent XDB-C18 column. Polar lipids of strain SD T and the four reference strains were determined according to the method of Minnikin et al. (1984) . The cell-wall diamino acid and sugars were analysed as described by Kim et al. (2012) .
For 16S rRNA gene sequencing, genomic DNA of strain SD T was prepared by using a TIANamp Bacteria DNA Kit (TIANGEN). The complete 16S rRNA gene of strain SD T was amplified using the bacterial universal primers 27F and 1492R (Lane, 1991) . PCR products were cloned into a pGEM-T Easy vector (Promega) and then sequenced to obtain the complete 16S rRNA gene sequence. Calculation of pairwise 16S rRNA gene sequence similarities was performed using GenBank (http://www.ncbi.nlm.nih.gov/). Alignments of 16S rRNA gene sequences were performed with the CLUSTAL X program, version 1.8 (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1993) and maximum-parsimony (Fitch, 1971 ) methods in the MEGA 4.0 program (Tamura et al., 2007) . Bootstrap analysis was used to evaluate the tree topology of the clustering data by performing 1000 resamplings (Felsenstein, 1985) . For the measurement of DNA G +C content, genomic DNA was extracted and purified according to the procedure of Yoon et al. (1996) and then measured by the method described by Tamaoka & Komagata (1984) . The DNA-DNA relatedness between strain SD T and the four reference strains was determined as described by Sun et al. (2014) , using a hybridization temperature of 84 C.
After 3 days of growth on TSA at 28 C, strain SD T formed regular, white colonies with some thickness, and 2-3 mm in diameter. Cells were Gram-staining-positive, catalasepositive, oxidase-positive, non-motile and non-spore-forming rods. Growth was not observed at temperatures below 10 C or above 42 C, with an optimum at around 30 C. The pH range for growth was pH 5.5-12.0. Growth at more than 3 % salinity was not observed. Other phenotypic characteristics are summarized in (Tables 1 and S1 , available in the online Supplementary Material) and in the species description.
The complete 16S rRNA gene sequence (1494 nt) of strain SD T was obtained and compared with the sequences of closely related type strains. Strain SD T was most closely related to P. medicamentivorans DSM 25962 T (96.9 % similarity), P. minatonensis DSM 18081 T (96.7 %), P. americanus DSM 16676 T (96.2 %) and P. ginsengiterrae DSM 25990 T (95.9 %) and showed a similarity of 94.4 % or less to other representative members of the phylum Actinobacteria. In the neighbour-joining tree, strain SD T clustered with P. medicamentivorans DSM 25962
T while the other three species of the genus Patulibacter were clustered independently (Fig. 1) . The topology of the minimum-evolution and maximum-parsimony trees were essentially same (data not shown). DNA-DNA hybridization experiments revealed low levels of DNA-DNA relatedness between strain SD T and P. medicamentivorans DSM 25962 T , P. minatonensis DSM 18081 T , P. americanus DSM 16676 T and P. ginsengiterrae DSM 25990 T (50, 23.1, 20 and 11.2 %, respectively), which confirmed that this novel strain deserves separate species status (Wayne et al., 1987) .
The complete fatty acid compositions of strain SD T and the four reference strains are given in Table S2 . The major fatty acid of strain SD T was C 18 : 1 !9c (62.9 %); significant amounts of anteiso-C 17 : 0 (7.0 %) and anteiso-C 15 : 0 (6.1 %) were also present. The predominant fatty acid was identical to that of the four reference strains, although some minor quantitative differences in fatty acid content could be observed. The DNA G+C content of strain SD T was 72.7 mol%, which fell within the range of 72.0-74.6 mol% observed for other species of this genus. Strain SD T contained meso-diaminopimelic acid as the peptidoglycan diamino acid in the cell-wall peptidoglycan, which is in agreement with other species of the genus Patulibacter. In addition, the cell-wall sugar pattern of strain SD T included galactose and glucose. Demethylmenaquinone 7 (DMK-7) was the only respiratory quinone present in strain SD T .
The polar lipid profile of strain SD T consisted of phosphatidylglycerol and diphosphatidylglycerol as major components, Description of Patulibacter brassicae sp. nov. Glycerol
Ciprofloxacin ( plus three unknown phospholipids (Fig. S1 ), which was similar to P. medicamentivorans DSM 25962 T and P. ginsengiterrae DSM 25990 T , but obviously different from P. minatonensis DSM 18081
T and P. americanus DSM 16676
T .
On the basis of the genotypic and phenotypic data presented above, it is evident that strain SD T represents a novel species within the genus Patulibacter, for which the name Patulibacter brassicae sp. nov. is proposed.
Description of Patulibacter brassicae sp. nov.
Patulibacter brassicae (bras¢si.cae. L. gen. n. brassicae of cabbage, referring to the rhizosphere of cabbage, from which the type strain was isolated).
Cells are aerobic, Gram-staining-positive, non-motile and non-sporulating rods (0.3-0.4Â1.0-1.2 µm). Colonies on TSA are white, semitranslucent and irregular with undulate margins. Growth occurs at 10-42 C (optimum 30 C) and at pH 5.5-12.0 (optimum pH 7.0). Growth is not observed in media containing more than 3 % (w/v) NaCl. Negative reaction for nitrate reduction, methyl red, indole production, H 2 S production and hydrolysis of casein and DNA. Positive for catalase, oxidase and Voges-Proskauer reactions. In the API 50CH strip, acid is produced from D-fructose, but not from glycerol, erythritol, D-xylose, D-glucose, L-rhamnose, aesculin or potassium 5-ketogluconate. In the API ZYM strip, alkaline phosphatase, cystine arylamidase and acid phosphatase are present, but valine arylamidase, trypsin and b-glucosidase are absent. The API 20NE substrate L-arabinose is utilized, but malic acid, D-mannose and adipic acid are not utilized. Susceptible to ciprofloxacin, nalidixic acid and norfloxacin, but resistant to tetracycline. The only isoprenoid quinone is demethylmenaquinone 7 (DMK-7). The cell-wall peptidoglycan contains meso-diaminopimelic acid as the diagnostic diamino acid along with alanine, glutamic acid and leucine. The predominant cellular fatty acid wisas C 18 : 1 !9c. The polar lipids are phosphatidylglycerol, diphosphatidylglycerol and three unknown phospholipids.
The type strain, SD T (=CICC 24108 T =KCTC 39817 T ), was isolated from rhizosphere soil of Chinese cabbage (Brassica campestris L.). The DNA G+C content of the type strain is 72.7 mol%. with members of the genus Patulibacter and other closely related genera. All the branches were also recovered by the minimum-evolution and maximum-parsimony methods. Bar, 2 nucleotide substitutions per 100 nt.
